Optical setup and the positive feedback loop A substrate containing 8 cantilevers is fixed to a piezo ceramic actuator (TA0505D024W) and placed on an xyz-micrometer stage. A 1 mW laser beam is focused on the cantilevers with a 50 mm focal length lens and the oscillation of the reflected beam is detected with a single channel photodiode (SM1PD1A). The optical setup is then connected to an analog positive feedback loop locking the selected cantilever oscillation at its resonant frequency which is measured with a frequency counter TTi TF930 (Figure S-1) . The positive feedback loop consists of a transimpedance operational amplifier (AD845), a low pass filter (RC network), a 45 0 phase shifter (RC network), an automatic gain control containing, an AC to RMS converter (AD845 and MPY634), an integrating regulator (AD845), a multiplier (MPY634), and, finally, a buffer (AD845) is used to drive the piezo ceramic actuator which induces the cantilever oscillations. The system is placed in a desiccator to isolate the air flow from the cantilever surroundings. A picture of the optical setup is given in Figure S A laser beam is focused onto a MEMS cantilever which is excited by a piezo ceramic actuator. The resulting motion of the laser beam is detected with a single channel photodiode by covering half of the diode. The resonator is locked in the lowest transverse oscillation mode with a positive feedback loop comprising a transimpedance amplifier, a phase shifter, an automatic gain control and a buffer driving the piezo actuator. A microfluidic spray, positioned above the sensor, allowed a uniform deposition of analytes, transported to the surface of the sensor via fast drying droplets. The mass deposited resulted in a continuous frequency decrease which was monitored with a frequency counter.
Figure S -2:
A picture of the setup. Its dimensions allow it to be placed in a desiccator to avoid disturbances from external air flow. The cantilevers are clamped to the piezo driver which allows to change and reuse them between multiple spraying experiments.
S-3
Error calculation and cantilever mass estimation
The OCTOSENSIS dynamic mode cantilevers from Micromotive MIKROTECHNIK have tolerances set by the manufacturing processes (L = 500 ± 4 µm, W = 90 ± 2 µm, H = 5 ± 0.3 µm giving the fractional errors 0.008, 0.022 and 0.06 respectively and the cantilever mass m0= ρLHW = 524 ± 34 ng). The cantilever average dimensions result in the resonant cantilever frequency:
with the error which can be found by adding the fractional errors in quadrature:
For estimating the mass deposited throughout the experiment, the cantilever mass m0 must be known accurately. The fractional error due to the cantilever thickness is one order of magnitude larger than the error in length so the cantilever resonant frequency is dominated by the changes in its thickness. Hence, we can estimate cantilever thickness from the resonant frequency:
giving the corresponding mass:
and the error in a particular cantilever mass:
where 0.01 Hz is the error of the frequency measurement within the dry mass sensing setup (see main article text).
S-4 The frequency is unstable during the microfluidic liquid spray on cantilevers, therefore, the spray is stopped for 5 s with a mechanical shutter so that the resonant cantilever frequency could be measured. The last stable frequency measurement is extracted for each of the closed shutter intervals.
Resonant frequency extraction
The positive feedback loop can lock the cantilever oscillation at resonance once the physical environment is stabilised; if the environment is disturbed, the resonant loop frequency starts fluctuating. The microfluidic spray which is used for liquid deposition on the cantilevers introduced some level of fluctuation: the droplets landing on the cantilever surface and the air flow past the cantilevers introduces extra noise (lower baseline in Figure  S-3b) . Therefore, the spray is stopped with a mechanical shutter for 5 s (10 % of the time) so that the cantilever vibrations could stabilise and the resonant frequency measurements could be taken ( Figure S-3) . The last frequency point from the 5 s measurement interval is extracted and set to the true frequency reading at that time. This procedure yields frequency measurements every 50 s.
System limits of detection in air
Allan deviation 1 is a measure of frequency stability in clocks and oscillators due to noise processes and not due to the frequency drifts and temperature effects:
Where , +1 and +2 are three consecutive frequency measurements with the gate time in between; N number of frequency measurements. The sensor platform is operated in air for 1 hour to give it enough time to reach a stable frequency. First, the system frequency noise is characterised without the microfluidic spray (Figure S-4a) . The Allan deviation of 0.01 Hz is achieved in the stabilised environment which confirms the result obtained carrying out phase noise 2 analysis (see main text). The dry mass sensing experiments in air with a microfluidic spray introduces disturbances due to air pressure, humidity and temperature fluctuations; therefore, the sensor LOD will be lower for real time frequency measurements. Control measurements while spraying deionised water are performed to determine the sensor stability under these conditions (Figure S-4b) . The frequency noise is measured to be 0.32 Hz which corresponds to 12 pg and is the noise level for the dry mass sensing experiments in air. Potentially, the frequency measurement stability could be enhanced even further by performing the cantilever frequency measurement under low vacuum conditions.
Figure S -4:
Frequency stability of the system in air for 1 hour (a) without any disturbances (centre frequency 27785 Hz) and (b) while spraying deionised water (measurements taken every 50 s, centre frequency 27120 Hz). The periodic frequency variation in (a) can be related to the ambient temperature variation caused by operation of the air conditioner.
Frequency response curves in air and water
The frequency response is measured with a setup shown in Figure S -5. The same optical setup as in section is used in combination with a lock-in amplifier and a chamber with a transparent window which could be filled with water. The resonant cantilever frequency in water is around 10.2 kHz due to the changes in the cantilever effective mass and the viscous damping (see Figure 3 in the main text) 3, 4 . A frequency scan with a 10 Hz step size around resonance is performed in air and water recording the amplitude and the phase of the response using 100 ms time constant on SR830. The amplitude measurements are fitted to a damped harmonic oscillator response 5 ( Figures S-6a and S-6b) . The least squares fit performed with Mathematica 10.4 yield Qwater ≈5 and Qair = 250. The phase change around resonance is also measured and is shown in Figures S-6c and S-6d. We obtain linear fits to determine the phase versus frequency gradients at resonance: -73.3 mDeg/Hz and -0.97 Deg/Hz for water and air respectively. S-8
BSA UV absorption measurements
We acquire bovine serum albumin (BSA) UV absorption spectra (10 measurements for each concentration) using NanoDrop 2000 spectrometer. The absorption amplitude at 280 nm (A) is measured and the concentration c = A/εl is estimated where extinction coefficient ε = 6.6 and the path length is 1 cm (see Table S 
